scrambled H3 (1-21) sequence (GSRALGTAKQKRKKPTATRAQ-GGK-biotin) were synthesised by the Rockefeller University Proteomics Resource Center. H3 peptide phosphorylated at Ser10 was purchased from Millipore. The scrambled H3 peptide was first randomized using RandSeq (http://www.expasy.ch/tools/randseq.html) then modified to result in the lowest sequence similarity and identity to H3 . All peptides were >97% pure by analytical HPLC and ESI MS.
Xenopus egg extracts. Meiosis metaphase II-arrested CSF extracts were prepared using a method previously described (5) . Haspin was depleted from CSF extracts containing cycloheximide (100 µg/ml) using anti-Haspin-coated protein Adynabeads (Invitrogen), following an immunodepletion protocol as described (6) . For CPC depletion, anti-INCENP antibodies were used (3) . Extracts treated with protein A-beads coated with rabbit IgG were used as control extracts. Reconstitution of ∆CPC extracts with recombinant Aurora B protein and exogenous mRNAs encoding INCENP, Dasra A and Survivin was executed as described (7) .
To complement ∆Haspin extracts by full-length Haspin, mRNAs encoding wildtype or kinase-dead mutant were synthesized using the SP6 mMessage mMachine RNA transcription kit (Ambion). These mRNAs were added at 0.1 µg / µl to CSFarrested, control or ∆Haspin extracts, which were supplemented with sperm nuclei (500 -1000 / µl) and then released into interphase by addition of 0.3 mM calcium chloride to allow nuclear formation and DNA replication. Ninety minutes after incubation, an equivalent amount of fresh CSF extracts was added together with cyclinΔ90 (0.4 μM) plus 10 ng/ µl nocodazole. Samples were subsequently fixed and spun down on cover slips for immunofluorescence analysis.
To monitor spindle assembly, CSF extracts containing rhodamine tubulin and sperm nuclei (500 -1000 / µl) were processed as above with the exception that no nocodazole was added. 45 -70 min after CSF addition, when spindles reach and maintain steady-state length, spindle morphology was assessed by mounting the extracts with Fix solution (5) .
To monitor chromosome decondensation at the exit from metaphase, we employed two experimental schemes. For Figs. 4A, B and S12A, B, sperm nuclei (1000 / µl) were added to CSF extracts and allowed to remodel for 45 minutes, then either buffer control or 2.5 μM of constitutively active MBP-Haspinc or MBPHaspinc-KD were added. The mixtures were immediately supplemented with 0.3 mM of calcium chloride and 1.5 μM GST-GFP-NLS (produced from a plasmid generously provided by M. Dasso and S. Mochida). Sperm morphology and nuclear import were monitored by mounting the extracts with Fix solution every 5-10 minutes. Samples were also fixed and spun down on cover slips for subsequent immunofluorescence analysis. For Figs. 4C and D, sperm nuclei (1000 / µl) were added to CSF extracts and no time was permitted for sperm remodeling. The sperm-containing extracts were immediately supplemented with either buffer or 2.5 μM of MBP-Haspinc followed by addition of 0.3 mM CaCl 2 .
Bead-binding assays. DNA-bead binding assay was performed as described previously (2) except that after incubation with extract, beads were first washed three times with chromatin wash buffer (10 mM Hepes, pH 7.7, 50 mM NaCl, 1.5 mM MgCl2, 0.5 mM EGTA, 50 mM sucrose, 0.1 mM TCEP and 0.05% Igepal CA-630), eluted with 600 mM NaCl (chromatin wash buffer + 550 mM NaCl) to release S2 chromatin binding proteins, followed by a second elution with 2M NaCl (chromatin wash buffer + 1.95 M NaCl) to elute histones.
For peptide pull-down assays, streptavidin-coupled magnetic beads (Invitrogen) were incubated with 1 nmol H3 peptide per mg beads in PBST for 30 min at room temperature, then washed five times in PBST to remove unbound peptide. Twenty μl of mock, depleted or reconstituted Xenopus egg extracts were added to 100 μl of peptide-saturated beads (200 pmol peptide) and incubated at 4 °C for 45 min, then washed four times in peptide wash buffer (20 mM HEPES, pH 7.7, 250 mM NaCl, 0.05% Igepal CA-630, 10% glycerol, 0.1 mM TCEP). Bound proteins were eluted in 20 μl SDS sample buffer, loaded on 4-12% Bis-Tris gels (Invitrogen) and analysed by Western blotting. To visualise peptide loading, the peptide-containing portion of the gels were cut before transfer to nitrocellulose, then fixed in-gel by incubation with 10% glutaraldehyde for 30 min and washed 3 × 15 min in water. Fixed gels were blocked in 0.2 M Tris, pH 8 for 30 min, washed in water and stained with GelCode Blue (Pierce) or Coomassie R-250. For pull-downs with purified proteins, HighCapacity Streptavidin Agarose (Pierce) was used. After washing beads three times in Binding/Wash buffer (20 mM Tris-Cl, pH 7.6, 150 mM NaCl, 0.1% Triton X-100, 0.1 mM TCEP), they were incubated with 0.4 nmol of peptide per µl of beads for 2 hours at room temperature. Ten µl of beads (1 nmol peptide) were washed three times and 100 µl of protein mixture in Binding/Wash buffer was incubated with beads for three hours at 4°C, washed four times and eluted with 2X SDS sample buffer and stained with Coomassie R-250.
Western blots. IRDye 680 goat anti-rabbit IgG (Li-Cor) and IR Dye 800CW goat anti-mouse IgG (Li-Cor) were used as secondary antibodies. The Odyssey Infrared Imaging System (Li-Cor) was used for detection.
Microscopy and Fluorescence Quantification. Spindles assembled in Xenopus egg extract were processed for immunofluorescence as described (8) . Hoechst 33258-stained chromosomes, rhodamine-tubulin labeled microtubules, and fluorescent antibodies were imaged with 0.2 μm step size using a Delta Vision Spectris (Applied Precision) comprised of an Olympus IX71 wide-field inverted fluorescence microscope, an Olympus PlanApoN x60, numerical aperture 1.42, oil immersion objective, and a Photometrics CoolSnap HQ camera (Roper Scientific). Images were captured and processed by iterative constrained deconvolution using SoftWoRx (Applied Precision), and analyzed in ImageJ. The acquired Z-sections of 0.2 μm each, were converted to a maximum projection using ImageJ, the results being shown in Fig. 2A and S7. For quantification, the images were converted to a sum projection and the total fluorescence of the chromosome area alone was measured. Following background subtraction, the values were normalized to the average total fluorescence intensity of control samples. Multiple group comparison was performed by one-way ANOVA followed by the Bonferroni t test. Interphase nuclei assembled in Xenopus egg extract were processed in a similar manner to metaphase spindles (see above), span down on cover slips and stained with Hoechst 33258 and other fluorescent antibodies. The structures were imaged with a Carl Zeiss Axioplan 2 microscope equipped with a Photometrics CoolSnap HQ cooled CCD camera, and controlled by MetaMorph software (Universal Imaging). Images were processed with MetaMorph and Adobe Photoshop.
Quantitation and statistical analysis of spindle length distribution. Spindles labelled with rhodamine-tubulin were monitored by mounting the extracts with Fix solution. Three independent experiments were performed and between 250-500 spindles were scored for each condition. Spindles were measured in MetaMorph Imaging Software using the Region Statistics tool. For each individual experiment, the average spindle length of the control sample was determined (Table S1 ). Spindle lengths were binned in categories separated by the equivalent of 1 micron and the bin categories together with their respective frequencies were represented as a histogram in Fig. 3C . All comparisons were tested with a t test assuming equal variances.
In vitro kinase assays. Antibody beads kinase assay (Fig. S6A) : Fifteen μg of anti-Haspin antibody were coupled to100 μl of protein A-dynabeads (Invitrogen) and incubated with CSF extract on ice for 1 hour. After removal of CSF extract, the beads were washed two times with Sperm Dilution Buffer (1 mM MgCl 2 , 100 mM KCl, 150 mM Sucrose, 5 mM Hepes-KOH pH 7.7), five times with Wash Buffer (0.1% NP-40, 1x XB salts, 20 mM Hepes-KOH pH 7.7, 1 mM DTT, 10 μg/ml LPC (leupeptin, pepstatin chymostatin), phosphatase inhibitor cocktail [Sigma, p2850]), and two times with 2x kinase buffer (10x kinase buffer: 200 mM Hepes-KOH pH 7.7, 1.5M NaCl, 100 mM MgCl 2 , 10 mM DTT, phosphatase inhibitor cocktail [Sigma, p2850] ). Beads were resuspended in 55 μl of 2x kinase buffer. 10 μl of antibody beads were incubated with 5 μM of either H3-GST or H3-T3A-GST (9) (produced from plasmids, generously provided by J. Higgins), 50 μM cold ATP and 2 μCi of γ-32 P-ATP. The reaction was incubated at room temperature for 20 minutes, quenched by the addition of sample buffer, followed by SDS-PAGE electrophoresis and quantification using a phosphorimager (Fujifilm). In vitro kinase reaction using Haspin recombinant protein (Fig. S9) :112 nM of MBPHaspinc or MBP-Haspinc-KD were mixed with 5 μM of either H3-GST or H3-T3A-GST, 50 μM cold ATP and 2 μCi of γ-32 P-ATP (Perkin Elmer). The reaction was incubated at room temperature for 20 minutes, quenched by the addition of sample buffer followed by SDS-PAGE electrophoresis and quantification using a phosphorimager.
NMR Spectroscopy. Uniformly
15 N-labeled human Survivin (pET28a, residues 1-120) was expressed by growing E. coli BL21(DE3) bacteria in minimal medium supplemented with 15 NH 4 Cl as the sole nitrogen source and inducing with 1 mM IPTG for 16 hr at 18°C. The protein was purified using nickel-NTA affinity and size-exclusion chromatography. NMR samples contained 0.2 mM protein in 50 mM Hepes at pH 7.4, 200 mM NaCl, 2 mM DTT, and 10% D 2 O. H3T3ph (1-13, NH 2 -ARpTKQTARKSTGG-NH 2 ) and unmodified H3 (1-20, NH 2 -ARTKQTARKSTGGKAPRKQLA-NH 2 ) peptides were synthesised by the Rockefeller University Proteomics Resource Center. Peptides were dissolved in NMR buffer prior to addition to samples and concentrations were determined by amino acid analysis (Keck Center, Yale University). All NMR spectra were acquired on a Bruker 600 MHz spectrometer, equipped with a cryoprobe, at 25°C. Since the majority of the peaks that moved were in slow exchange, we were unable to assign the identity of the bound peaks in many cases. Peaks that shifted in any direction beyond two-times the linewidth of the unbound resonance were used to identify residues most affected by peptide binding (10) .
